Methamphetamine (MA) dependence is associated with deficits in episodic verbal memory, but the cognitive mechanisms underlying such impairments are not known. The authors evaluated a component process model of episodic verbal memory in 87 persons with MA dependence (MAϩ) and 71 demographically similar non-MA-using controls (MAϪ). Compared with MAϪ controls, MAϩ participants demonstrated deficient overall learning, free recall, and utilization of semantic clustering, as well as higher rates of repetitions and intrusions. No between-groups differences were evident on measures of serial clustering, retention, or recognition discrimination. Taken together, these findings indicate that MA dependence is associated with deficient strategic (i.e., executive) control of verbal encoding and retrieval, which is consistent with the sequelae of MA-related prefronto-striatal circuit neurotoxicity.
A growing body of animal and human research indicates that methamphetamine (MA) use is associated with neurotoxicity that promotes necrotic and apoptotic neuronal death by way of oxidative stress (e.g., Davidson, Gow, Lee, & Ellinwood, 2001 ), vascular injury (Varner, Ogden, Delcarpio, & Meleg-Smith, 2002) , and/or hyperthermia (e.g., Brown, Wise, & Kiyatkin, 2003) . MA use has adverse effects on a wide range of neurotransmitter systems but is most often linked to molecular disturbances in dopaminergic and serotonergic neural circuits (see Nordahl, Salo, & Leamon, 2003 , for a review; Volkow, Chang, Wang, Fowler, Ding, et al., 2001; Volkow, Chang, Wang, Fowler, Leonido-Yee, et al., 2001) . Accordingly, the dopamine-rich fronto-striato-thalamo-cortical circuits are particularly susceptible to MA neurotoxicity. For example, functional neuroimaging studies have demonstrated bilateral blood flow abnormalities in the dorsolateral and ventromedial prefrontal cortex and striatum in MA-dependent persons (Chang et al., 2002; Paulus, Hozack, Frank, Brown, & Schuckit, 2003; Paulus et al., 2001) , and proton magnetic resonance spectroscopy studies have revealed metabolite alterations in the basal ganglia and frontal gray and white matter (Ernst, Chang, LeonidoYee, & Speck, 2000; Nordahl et al., 2002; Sekine et al., 2002) . Most recently, evidence has emerged for marked postmortem reductions of dopamine levels in the caudate and putamen of MA users (Moszczynska et al., 2004) .
Concerning the adverse cognitive effects of MA use, Rippeth and colleagues reported an approximately 40% prevalence of global neuropsychological impairment among persons with MA dependence. Complementing the literature on MA-associated neurotoxicity are findings that MA users specifically demonstrate impairment in cognitive domains that are reliant on the integrity of prefronto-striatal circuits, including deficits in information processing speed, fine-motor speed and coordination, complex attention, verbal fluency, response inhibition, decision making, and novel problem solving (e.g., Kalechstein, Newton, & Green, 2003; Rippeth et al., 2004; Simon et al., 2000 Simon et al., , 2002 Toomey et al., 2003) .
MA users also demonstrate impaired performance on conventional measures of verbal learning and memory (e.g., Simon et al., 2000; cf. Toomey et al., 2003) . For example, Kalechstein et al. (2003) reported deficits in list learning and delayed free recall among 27 recently abstinent MA users relative to 18 demographically comparable controls. Similar findings were recently reported by Simon et al. (2000 Simon et al. ( , 2002 , who identified deficits in free recall and a high rate of false-positive recognition errors among active MA users. Yet the specific cognitive components underlying the verbal learning and memory deficits in MA users have not been explored. In other words, there are myriad component cognitive processes that might underlie gross verbal learning and recall deficits: for example, ineffective encoding (i.e., difficulty establishing accessible representations in memory), retrieval (e.g., inefficiency in accessing and generating information from established memory stores), and consolidation (i.e., forgetting) of verbal information.
To this end, Moscovitch (1992 Moscovitch ( , 1994 proposed a useful conceptual model of the component processes involved in learning and memory and the relative contributions of frontostriatal and temporolimbic systems therein. More specifically, Moscovitch posited the operation of two primary components in explicit memory: namely, a domain-specific associative/cue-dependent component and a strategic component. The associative/cue-dependent component is modular in the sense that its primary role is to create durable, accessible representations in memory stores by way of the medial temporal lobes, the diencephalon, and the limbic system. In this way, the associative/cue-dependent module works to ensure that raw memories are effectively stored (i.e., retained) and available for retrieval. The strategic component, on the other hand, is initially responsible for organizing the information that is subsequently transmitted to the associative/cue-dependent module and later, for initiating and directing retrieval strategies. In contrast to the rather mechanized functions of the associative/cue-dependent module, the strategic component is hypothesized to work with memory to initiate, monitor, and enhance the organizational and tactical aspects of encoding and retrieval (e.g., semantic clustering). Thus, the strategic component is intimately tied to the integrity of the frontal systems (i.e., the various fronto-striato-thalamocortical loops).
Research generally supports the construct validity of Moscovitch's (1992 Moscovitch's ( , 1994 ) component model of memory functioning, which in many ways parallels the cognitive profiles described in the classic cortical and subcortical dementias (see Cummings & Benson, 1983) . Clinical groups with prominent medial temporal lobe and/or diencephalic damage (e.g., Alzheimer's disease [AD] or temporal lobe epilepsy) have classically exhibited impairment in the acquisition and consolidation (i.e., retention) of verbal information, suggesting dysfunction in the associative/cue-dependent module (e.g., Carlesimo & Oscar-Berman, 1992) . In clinical groups, this has been evidenced most often by rapid rates of forgetting (i.e., limited retention of information over time) and minimal appreciable benefit from mnemonic cues (e.g., poor yes-no recognition discrimination). In contrast, groups with demonstrable frontal-basal ganglia lesions have demonstrated limited free recall, diminished use of organizational strategies (e.g., semantic clustering), interference effects, and high rates of repetition errors, but not forgetfulness per se; that is, their recall typically improved considerably when they were provided with relevant prompts or recognition trials (e.g., Alexander, Stuss, & Fansabedian, 2003; Baldo, Delis, Kramer, & Shimamura, 2002; Fletcher & Henson, 2001; Gershberg & Shimamura, 1995; Incisa della Rocchetta & Milner, 1993; Stuss et al., 1994; Wheeler, Stuss, & Tulving, 1995) . For example, in a sample of 32 patients with frontal lobe lesions, Stuss and colleagues (Stuss et al., 1994) reported poor verbal list learning performance that was characterized by deficient use of organizational encoding and retrieval strategies and a high number of intralist repetitions. Profiles indicative of deficient strategic control of verbal learning also have been observed in clinical disease samples with prominent frontal-basal ganglia neuropathophysiology, including Parkinson's disease (PD; e.g., Buytenhuijs et al., 1994 ), Huntington's disease (HD; e.g., Massman, Delis, Butters, Levin, & Salmon, 1990) , and HIV-1 infection (e.g., Murji et al., 2003) .
Given the recognized impact of MA neurotoxicity on prefrontostriatal circuits and associated cognitive functions, we hypothesized that MA-dependent persons would demonstrate deficiencies in the strategic aspects of verbal learning and memory, including less reliance on higher level organizational strategies (e.g., semantic clustering), more repetitions, and poorer performance on immediate and delayed free recall relative to non-MA-using controls. We did not expect to find impaired retention or poor recognition discrimination, as might be seen with temporolimbic-associated dysfunction in the associative/cue-dependent module.
Method

Participants
Study participants included 71 non-MA-using controls (MA-) and 87 individuals diagnosed as MA dependent (MAϩ), all of whom were enrolled in a longitudinal, federally funded program project studying the central nervous system effects of MA in people with and without HIV-1 infection. Note that all individuals in the current study were HIV-1 seronegative. The MAϩ sample was recruited largely from community advertisements and substance abuse treatment centers located in the greater San Diego area. MA-participants were recruited by adaptive and graph sampling techniques (Thompson, 1997) that were designed to identify a non-MA-using control sample with similar sociodemographic and lifestyle characteristics to those of the MAϩ group (e.g., significant others, friends, and family members of MAϩ participants).
Participants in the MAϩ group met Diagnostic and Statistical Manual of Mental Disorders (4th ed., DSM-IV; American Psychiatric Association, 1994) criteria for MA dependence during their lifetime, as well as DSM-IV criteria for MA dependence or abuse within 18 months of evaluation. Inclusion criteria for the MAϩ group also included at least 5 days of abstinence from MA at the time of the assessment, which was verified with a urine toxicology screening conducted on the day of testing. Participants were excluded if they met DSM-IV criteria for the following: (a) alcohol dependence in the 12 months prior to evaluation, (b) abuse of illicit substances other than MA within 12 months of testing, (c) other substance dependence within 5 years of testing, or (d) a remote (i.e., more than 5 years prior to study enrollment) but nonetheless significant history of alcohol or other substance dependence. Because of the common co-occurrence of marijuana use in MA-dependent individuals, we did not exclude any MAϩ or MA-participants with histories of marijuana use. In this way, our inclusion-exclusion criteria afforded a more representative sample of MA users likely to be encountered in clinical settings, while also minimizing the potential confounding effects of other substances known to affect cognition (e.g., cocaine). Finally, potential study participants were excluded if they reported any history of head injury with loss of consciousness for longer than 30 min, schizophrenia-spectrum disorder, or neurologic illness that might adversely affect cognitive functioning (e.g., seizure disorder or HIV-1 infection). Table 1 shows that the MAϩ and MA-groups were comparable for age, education, sex, ethnicity, and estimated premorbid verbal intelligence as measured by the oral word reading scores of the Wide Range Achievement Test-Revision 3 (Wilkinson, 1993) . A significantly greater proportion of MAϩ (25%) than MAϪ (3%) participants were infected with the hepatitis C virus (HCV; p Ͻ .01). In addition, the MAϩ group (M ϭ 11.8, SD ϭ 9.0) endorsed a greater number of depressive symptoms on the Beck Depression Inventory (Beck & Steer, 1987) than did the MAϪ sample (M ϭ 5.0, SD ϭ 6.1; p Ͻ .01). Nevertheless, there was no significant between-groups difference in the proportions of MAϩ and MA-participants who met formal diagnostic criteria for comorbid psychiatric disorders, including current major depressive disorder (6% and 4%, respectively; p Ͼ .10) or attention-deficit/hyperactivity disorder (10% and 3%, respectively; p Ͼ .10). Table 1 also displays the MA use characteristics of the MAϩ group, including the total number of years of use (range ϭ 1-31 years) as well as the estimated total consumption of MA in grams. The mean length of abstinence from MA was 4 months (SD ϭ 3.5 months, range ϭ 0.2-18.2 months). Injection use was endorsed as the primary route of administration for 31% of the group, whereas 40% and 28% endorsed smoking and intranasal MA use, respectively.
Procedure
After providing informed written consent to participate in the study, all participants were administered the Hopkins Verbal Learning Test-Revised (HVLT-R; Benedict, Schretlen, Groninger, & Brandt, 1998; Brandt & Benedict, 2001 ) as part of a comprehensive evaluation of their cognitive, neuromedical, and psychiatric status. These data were drawn from a larger, longitudinal program project, which included the HVLT-R given its brevity, its validity for repeated assessments, and the availability of multiple alternate forms (Benedict et al., 1998) . All participants in the present study received Form 1 of the HVLT-R as part of their baseline evaluation, which was administered according to the guidelines outlined in the test manual (Brandt & Benedict, 2001 ). The HVLT-R is a 12-item list learning task that contains three groups of (nonconsecutive) semantically related words that are read aloud at approximately 2-s interstimulus intervals. The HVLT-R includes three learning trials, a 20 -25 min delayed free recall trial (Trial 4), and a recognition trial that contains 24 words consisting of 12 target words from the original list and 12 nontarget words. Six of the 12 nontarget words are semantically related to words on the original list.
The natural structure of the HVLT-R is well suited to Moscovitch's (1992 Moscovitch's ( , 1994 conceptual model by allowing the generation of quantitative variables that reflect the integrity of associative/cue-dependent (e.g., retention and recognition discrimination) and strategic (e.g., semantic clustering, pair frequency, and repetitions) components, as well as several other complementary standard learning and recall variables. A psychometrist who was blind to the participants' MA group status scored the HVLT-R for the following primary dependent variables of interest: (a) total recall (i.e., total number of correct words recalled on Trials 1-3), (b) learning slope (i.e., the average number of new correct words recalled per trial, (c) semantic clustering (see Stricker, Brown, Wixted, Baldo, & Delis, 2002) , (d) serial clustering (see Stricker et al., 2002) , (e) pair frequency recall across trials (see Sternberg & Tulving, 1977) , (f) total intrusion errors (i.e., words generated that were not HVLT-R stimuli), (g) total repetitions (i.e., HVLT-R words that were repeated during the same recall trial), (h) delayed free recall (i.e., total words correct on Trial 4), (i) retention (Trial 4 divided by the higher score of Trial 2 or 3), (j) recognition discrimination (i.e., the response bias index [B r ] from Snodgrass & Corwin, 1988) , and (k) semantic false-positive recognition errors (i.e., endorsement of any of the six nontarget words on the recognition trial that are semantically related to words on the HVLT-R list).
Statistical Analyses
For those variables that were normally distributed (Kolmogorov-Smirnov, p Ͼ .05), we conducted a series of independent-samples t tests to examine potential between-groups differences. Note that the study sample was sufficiently large (N ϭ 158) for us to detect small-to-medium univariate effect sizes (power Ն 0.80; Erdfelder, Faul, & Buchner, 1996 ). Cohen's d was used to measure the effect sizes of the group comparisons; by convention, d values of .2, .5, and .8 correspond to small, medium, and large effect sizes, respectively (Cohen, 1994) . We used Mann-Whitney U tests to assess potential group differences on those variables that were not normally distributed. All correlational analyses were conducted using Spearman's rho given the nonnormal distribution of the variables of interest. For HVLT-R variables that discriminated between the MAϩ and MA-groups, we conducted correlational analyses to measure their association with the descriptive MA use variables. Convergent validity was examined by measuring their association with two putative cognitive measures of frontostriatal functioning: perseverative responses from the Wisconsin Card Sorting Test-64 Card Computerized Version (WCST-64; Kongs, Thompson, Iverson, & Heaton, 2000) and the Trail Making Test difference score (TMT B Ϫ A), which were selected from the larger neuropsychological battery (see Rippeth et al., 2004) . Concurrent validity of the discriminating HVLT-R indexes was assessed through an analysis of Note. Data are presented as the group mean (with standard deviations) unless otherwise indicated. MAϪ ϭ non-methamphetamine-using control group (n ϭ 71); MAϩ ϭ methamphetamine-dependent group (n ϭ 87). a The oral word reading subtest score from the Wide Range Achievement Test-Revision 3 was used as the premorbid verbal IQ estimate.
between-groups differences on the WCST-64 and TMT B Ϫ A. The critical alpha level was set at .05 for all analyses, except for the exploratory correlational analyses regarding the interrelationships among HVLT-R indexes, which were set at .01. Following recent recommendations (see Delis, Jacobson, Bondi, Hamilton, & Salmon, 2003) , we conducted the latter correlational analyses on the MAϩ and MA-groups separately.
Results
Descriptive statistics for the HVLT-R variables of interest are displayed in Table 2 . MAϩ participants demonstrated significantly lower performance than their MAϪ counterparts on HVLT-R total recall, t(156) ϭ 2.2, p Ͻ .05, d ϭ Ϫ0.3; semantic clustering, t(156) ϭ 2.0, p Ͻ .05, d ϭ Ϫ0.3; and delayed free recall, t(156) ϭ 1.8, p Ͻ .05, d ϭ Ϫ0.3; and generated a significantly higher number of repetitions, z ϭ Ϫ1.9, p Ͻ .05. MAϩ participants also demonstrated a trend toward a shallower learning slope, z ϭ Ϫ1.9, p ϭ .06, and a higher number of intrusion errors, z ϭ Ϫ1.9, p ϭ .06, relative to the MAϪ group. Effect sizes derived from these analyses were generally small (Cohen, 1994 ). In contrast, there were no significant between-groups differences observed on measures of serial clustering, t(156) ϭ Ϫ1.2, p Ͼ .10, d ϭ 0.2; pair frequency, t(156) ϭ 0.6, p Ͼ .10, d ϭ Ϫ0.1; retention, z ϭ Ϫ1.5, p Ͼ .10; recognition discrimination, z ϭ 1.3, p Ͼ .10; or semantic false-positive recognition errors, z ϭ Ϫ0.7, p Ͼ .10.
There were no significant correlations between self-reported MA use (i.e., length of abstinence, total years of MA use, or estimated lifetime MA use) and any of the variables that discriminated between the MAϩ and MAϪ groups ( ps Ͼ .05). Intercorrelations between the various HVLT-R indexes are displayed in Table 3 . In both samples, total recall was positively correlated with semantic clustering ( p Ͻ .01) and pair frequency ( p Ͻ .01) but negatively correlated with intrusions and semantic false-positive recognition errors ( p Ͻ .01). Among MAϩ participants, semantic clustering was also positively correlated with delayed recall ( p Ͻ .01) and retention ( p Ͻ .01) and negatively correlated with repetitions ( p Ͻ .01).
The MAϩ group demonstrated more perseverative responses (M ϭ 13.9, SD ϭ 9.9) on the WCST-64 than did the MAϪ participants (M ϭ 10.5, SD ϭ 6.4), z ϭ Ϫ2.4, p Ͻ .05. Similarly, the MAϩ group displayed poorer TMT B Ϫ A, performance (M ϭ 45.0 s, SD ϭ 29.0 s) than did the MAϪ participants (M ϭ 39.9 s, SD ϭ 28.9 s), z ϭ Ϫ1.96, p Ͻ .05. As shown in Table  4 , WCST-64 and TMT B Ϫ A, performances were negatively correlated with total recall and semantic clustering ( ps Ͻ .05) in the MAϩ sample, whereas TMT B Ϫ A, was positively correlated with repetitions ( p Ͻ .05). Discussion Moscovitch (1992 Moscovitch ( , 1994 posited a component process model of explicit verbal memory that consists of the following: (a) an associative/cue-dependent component related to temporolimbic functioning that manufactures durable, accessible representations in memory stores and (b) a strategic component related to frontostriatal functioning that initiates and directs the organizational and tactical aspects of encoding and retrieval. Within this conceptual framework, our findings suggest that MA dependence is not associated with dysfunction in the associative/cue-dependent module. Indeed, consistent with our a priori hypotheses, we found that the MAϩ group did not differ from non-MA users on retention or recognition discrimination. In other words, the MAϩ group was successfully able to create durable (i.e., adequate retention of information over a 25-min delay) and accessible (i.e., accurate discrimination of list words when retrieval demands were minimized in a yes-no recognition trial) representations in memory stores.
Rather, MA dependence appears to be associated with inefficient strategic (i.e., executive) control of verbal encoding and retrieval. Our data indicate that MA-dependent persons experience difficulty initiating and monitoring the higher level organizational and executive aspects of verbal encoding and retrieval. For example, the semantic clustering deficiency reveals that, as a group, MAϩ participants did not effectively identify and/or impose organizational structure on the list on the basis of its semantic properties (Stricker et al., 2002 )-a strategy that is known to enhance overall list learning and retrieval performance (e.g., Gershberg & Shimamura, 1995) . In fact, we observed a significant positive correlation between semantic clustering and total recall (Spearman's ϭ .50, p Ͻ .001) among MAϩ persons, which suggests that greater use of semantic clustering strategies was associated with better performance on free recall. In addition, the finding of deficient immediate and delayed free recall in the setting of accurate recognition discrimination also indicates that the MAϩ sample experienced difficulty initiating and executing effective retrieval strategies. Furthermore, the MAϩ sample was more likely to perseverate on previously generated items from the list, which-in light of the observed positive correlation between repetitions and TMT B Ϫ A-may be related to cognitive inflexibility during retrieval.
A convergence of animal and human literature indicates that MA neurotoxicity preferentially disrupts the prefronto-striatal circuits (e.g., Volkow, Chang, Wang, Fowler, Leonido-Yee, et al., 2001) , which, as mentioned above, are intimately involved with strategic control of explicit memory (Moscovitch, 1994) . Indeed, the deficient strategic control of learning and recall observed in our MA-dependent sample is consistent with the sequelae of MArelated prefronto-striatal circuit neurotoxicity. Convergent validity for this assertion is provided by the significant correlations between the primary HVLT-R variables (i.e., total recall, semantic clustering, and repetitions) and WCST-64 perseverative responses and TMT B Ϫ A, both of which are well-validated measures of prefronto-striatal functioning. That our MAϩ sample performed significantly worse than non-MA-using controls on the WCST-64 and TMT B Ϫ A, further reinforces our hypothesis that the verbal encoding and retrieval deficits in MA are associated with frontal executive dysfunction. In addition, it is known that other clinical populations with established prefronto-striatal pathology demonstrate similar deficits in executive control of explicit memory as measured by list learning tasks, including limited use of organizational recall strategies (e.g., Baldo et al., 2002) , deficient initiation and execution of effective retrieval strategies (e.g., Fletcher & Henson, 2001) , and frequent repetition errors (e.g., Stuss et al., 1994) . Thus, our findings provide convergent support for the growing literature linking MA to cognitive deficits associated with prefronto-striatal circuit neurotoxicity (e.g., Kalechstein et al., 2003) . The modest number of intrusion errors in our MAϩ sample (i.e., approximately 64% of the MAϩ participants generated at least one intrusion error) was somewhat surprising given that intrusion errors are usually observed in AD and similar disorders with prominent temporolimbic involvement (e.g., Davis, Price, Kaplan, & Libon, 2002) . Intrusion errors may nevertheless occur for a variety of reasons, including decayed semantic memory networks, which are often cited as the root of such errors in persons with AD. Similar to repetition errors, however, intrusion errors might also reflect inattention, problems inhibiting incorrect responses, or insufficient monitoring of retrieval. In fact, high intrusion rates are occasionally reported in groups with frontal lesions (e.g., as well as in persons with PD (e.g., Rouleau, Imbault, Laframboise, & Bedard, 2001) . In an effort to clarify the nature of intrusion errors in our MAϩ sample, we coded intrusions post hoc as (a) synonyms or subordinate semantic categories of HVLT-R stimuli, (b) semantically related to HVLT-R stimuli, or (c) not related to any HVLT-R stimuli. Findings revealed a trend toward more non-list-related intrusions in the MAϩ group than in the non-MA-using controls ( p Ͻ .10), but no differences were evident for semantically related intrusions or synonym intrusions (both ps Ͼ .10). Thus, one might argue that the modestly elevated rate of intrusion errors in MA dependence is driven by problems with monitoring memory retrieval processes, attention, and/or inhibiting improper responses, rather than by degraded semantic networks. This is likely the most parsimonious interpretation of the data considering prior literature demonstrating deficits in attention and working memory (e.g., Chang et al., 2002; Simon et al., 2000) as well as cognitive (and motor) disinhibition in MA users (e.g., Salo et al., 2002) . We hope that these findings will serve to inform future researchers, who will need to use thoughtfully designed experimental methodologies to better assess the cognitive mechanisms driving the intrusion errors evident in persons with MA dependence.
It deserves mention that we observed no between-groups difference on the pair frequency measure, which has previously shown sensitivity to frontal systems damage (e.g., Alexander et al., 2003) . Thus, although the MAϩ group did not efficiently use the inherent semantic structure of the HVLT-R, they did use some semblance of subjective organizational encoding strategy. In fact, the mean pair frequency score in the MAϩ group was comparable to that previously observed among healthy controls (e.g., Alexander et al., 2003) . Nevertheless, it appears that the subjective organizational strategies used by the MAϩ group were not optimally efficient in that they still demonstrated overall poorer learning and free recall.
The absence of between-groups differences in recognition discrimination and false-positive recognition errors in our MA sample should be interpreted carefully. Although less common than deficits in free recall, impaired recognition memory-most often marked by false-positive errors-is sometimes evident in groups with frontostriatal circuit damage (see Wheeler et al., 1995) and was previously reported in MA users (Simon et al., 2000) . Of note, however, the HVLT-R does not contain an interference list trial, which would enhance its sensitivity to recognition deficits (as well as interference effects) by detecting source memory problems that often accompany frontal systems damage (e.g., Brandt, Bylsma, Aylward, Rothlind, & Gow, 1995) . In other words, distractor lists often contain items that are semantically related to those on the original target list, which may prime participants to commit falsepositive recognition errors due to problems recalling from which list the target word originated. Accordingly, whether MA users exhibit deficits in recognition memory-perhaps related to source memory impairment-warrants further prospective study with tasks specifically designed to elicit and measure such cognitive deficits.
Although the HVLT-R was initially developed to provide a brief, repeatable measure of verbal list learning and memory in dementia, its inherent structure allows for the generation of valuable cognitive data beyond that provided by traditional total score variables. Such data can enhance our understanding of the various cognitive mechanisms that underlie patient performances and may enhance diagnostic accuracy in some cases (e.g., Poreh, 2000) . Although the HVLT-R contains fewer words (12 vs. 16) and trials (3 vs. 5) than the more commonly referenced California Verbal Learning Test-Second Edition (CVLT-II; Delis et al., 2000) , our findings indicate that HVLT-R process variables demonstrate preliminary construct validity and may be useful in more carefully defining verbal learning profiles. Several studies support the convergent validity of the HVLT-R learning and recall variables vis-à-vis the CVLT (e.g., Lacritz et al., 2001) . The correlational analyses from the present study also provide preliminary support for the construct validity of these HVLT-R indexes, as better overall performance (i.e., total and delayed recall) was associated with greater use of semantic clustering and pair frequency strategies. Semantic clustering itself correlated positively with retention and negatively with repetitions and semantic false-positive recognition errors. Of course, further study is needed to solidify the psychometric properties of these qualitative indices as well as their discriminant validity in other clinical populations (e.g., PD, AD, and HD). Nevertheless, it is encouraging to note that, consistent with recent studies in HIV infection (e.g., Carey et al., 2004) and traumatic brain injury (e.g., Bruce & Echemendia, 2003) , these data suggest that the HVLT-R is potentially sensitive to subtle learning and memory deficits.
The deficient strategic control of verbal encoding and retrieval in our MAϩ sample cannot be explained by demographics or premorbid verbal intelligence, as the MAϩ and MA-groups were comparable in this regard. Our findings are also not likely confounded by psychiatric factors, as our groups contained comparable proportions of persons diagnosed with major depressive disorder and attention-deficit/hyperactivity disorder; moreover, there were no significant intercorrelations between the Beck Depression Inventory and any HVLT-R variables of interest ( ps Ͼ .05). Similarly, although 25% of the participants in our MAϩ sample were infected with HCV, there were no significant between-groups differences between HCVϩ and HCV-participants on any HVLT-R variable ( ps Ͼ .05).
Although there were no correlations between the various HVLT-R indices and self-report MA use estimates, the risk of Type II errors in substance abuse research is considerable in this regard. Indeed, research in substance-related disorders is inherently fraught with problems regarding the reliability and validity of self-report substance use data (see Del Boca & Noll, 2000) . A more rigorous and meaningful test of the association between MA neurotoxicity and learning indices could be performed using neuroimaging technologies (e.g., magnetic resonance spectroscopy) or various molecular markers of neurotoxicity (e.g., dopamine or serotonin levels). To this end, researchers in a prior investigation demonstrated that list recall was positively correlated with striatal dopamine transporter availability in MA-dependent persons (Volkow, Chang, Wang, Fowler, Leonido-Yee, et al., 2001) .
It is possible that the observed group differences are a function of nonspecific effects of polysubstance use rather than directly attributable to MA dependence per se. Indeed, we did not exclude participants with marijuana or remote alcohol-related disorders because of the high co-occurrence of these substance-related disorders in MA users. Several studies indicate that alcohol abuse and/or dependence can be associated with impairment in verbal learning and recall (e.g., Bondi, Drake, & Grant, 1998) , and a recent meta-analysis showed that marijuana use is associated with minimal detrimental effects on learning and recall (Grant et al., 2003) . Nevertheless, preliminary data from our laboratory show that MA-dependent persons with histories of marijuana abuse and dependence perform better on measures of recall than do persons with MA dependence only )-an effect that was posited to be the result of the antioxidant properties of cannabinoids, as well as their ability to reduce glutamate-mediated excitotoxic damage. Recent evidence also indicates that alcohol dependence may not confer an increased risk for neuropsychological impairment in stimulant abusers (Lawton-Craddock et al., 2003) . Of note, we conducted a post hoc, stepwise linear regression using lifetime alcohol, marijuana, and MA use to predict the primary HVLT-R variables, and the result was not significant ( p Ͼ .05). Moreover, there were no significant correlations between the HVLT-R variables and length of alcohol and marijuana use or duration of abstinence from these substances ( ps Ͼ .05). Thus, although the inclusion of marijuana and alcohol users in our MAϩ group somewhat limits the interpretation of our findings, it nevertheless enhances the representativeness and clinical relevance of our MA-dependent sample.
To this end, we note that although our primary findings were generally associated with small effect sizes (i.e., mean d ϭ 0.3), the presence of verbal encoding and retrieval deficits in MA users might nevertheless adversely affect substance abuse treatment outcomes. Indeed, cognitively impaired individuals are more likely to violate substance abuse treatment program rules, experience difficulty acquiring cognitive skills, drop out of treatment prematurely, and achieve overall poorer treatment outcomes (e.g., Aharonovich, Nunes, & Hasin, 2003; Fals-Stewart, 1993) . The specific effects of verbal encoding and retrieval impairments on substance abuse treatment outcomes in individuals with MA dependence-as well as on instrumental activities of daily living-should therefore be a target for future research.
From a practical standpoint, substance abuse treatment providers should remain cognizant that MA-dependent clients might be inefficient in the process of encoding, organizing, and retrieving verbal information. More specifically, persons with MA dependence may experience difficulty acquiring and/or recalling critical treatment program rules and procedures, as well as difficulties acquiring complex verbal coping strategies for self-regulation (e.g., internalization of speech) and handling high-risk relapse situations (e.g., use of drug refusal skills). A focused neuropsychological evaluation may be indicated to determine the nature and extent of impairment, as well as to inform the development and implementation of adaptive compensatory strategies. For example, concrete behavioral strategies (e.g., behavioral rehearsal, relaxation training, and reinforcement contingencies) may be considered a complement to cognitively based interventions (Copenhaver, Avants, Warburton, & Margolin, 2003) . In addition, providing MA users with simplified, structured, and multimodal (e.g., verbal, visual, and experiential) presentations of treatment materials might also be beneficial (Copenhaver et al., 2003) . Focused and specific training on the use of appropriate organizational strategies (e.g., clustering techniques) might facilitate encoding and recall, as has been demonstrated in persons with frontal systems damage (Gershberg & Shimamura, 1995) . This is important, because our data suggest that MA-dependent persons are quite capable of retaining and recognizing information that has been successfully encoded. As such, providing external cues and explicit reminders might be useful in enhancing retrieval efficiency, as well as in potentially maximizing treatment outcomes in persons with MA dependence.
